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(57) Abstract: An injection molding apparatus for manufacturing an
ophthalmic lens mold having a front surface comprising a lens forming
portion and a rear surface, comprises a first molding tool and a second
molding tool. The first and second molding tools are movable towards
and away from each other between a closed position and an open po-
sition. In the closed position the first mold forming portion of the first
molding tool and the second mold forming portion of the second mold-
ing tool define a cavity. The surface of the second mold forming por-
tion, at least in a central zone thereof, has a surface roughness S, in the
range of 0.3 um to 2 um, and a surface roughness S, in the range of
10 pm to 50 pm.
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Injection molding apparatus and method for manufacturing an ophthalmic lens mold

through injection molding

FIELD

The present invention relates to an injection molding apparatus and a method for

manufacturing an ophthalmic lens mold through injection molding.

BACKGROUND

In the manufacture of ophthalmic lenses, in particular contact lenses, different kinds
of manufacturing are well-known. In one kind of manufacturing the lens molds are
reusable, so that after one contact lens has been manufactured with the aid of such
reusable lens mold, the respective reusable lens mold is cleaned and is used again
to manufacture the next contact lens. Such reusable lens molds are typically made
of quartz glass or other types of high quality glass and are expensive. In another
kind of manufacturing the lens molds are not reusable, i.e. the lens molds are used
only once and are typically recycled after use (i.e. after a lens has been
manufactured). These single-use lens molds must be cheap and must be capable
of being simply and reliably manufactured in large numbers. Typically, such lens
molds are manufactured through injection-molding. In injection-molding, usually two
molding tools are used which can be moved towards each other to a closed position,
and away from each other to an open position. Typically, one molding tool is fixedly
arranged while the other molding tool is movable towards and away from the fixedly
arranged molding tool, i.e. to the closed or open position, respectively. Each of the
molding tools typically has a plurality of mold forming portions. In the closed position,
a plurality of cavities is formed between these mold forming portions of the molding
tools. These cavities correspond in shape to the lens molds to be manufactured. To
simultaneously manufacture a plurality of lens molds, a moldable plastic material,
for example molten polypropylene, is injected into the cavities under high pressure.

After injection of the molten plastic material is completed, the plastic material
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contained in the cavities is allowed to cure to form the lens molds and the molding
tools are moved away from each other to the open position, so that the lens molds
can be removed from the respective molding tool and can subsequently be further
cooled down at a different location, thus allowing the molding tools to be used again

to manufacture the next plurality of lens molds in the manner described above.

Typically, such single-use plastic lens molds are comparatively thin parts (wall
thickness of the lens molds is smaller than 1 millimeter [1 mm]). Also, short cycle
times are desirable to close the molding tools, inject the molten plastic material into
the cavities to manufacture the lens molds, open the molding tools and remove the
manufactured lens molds from the respective molding tool, in order to make
manufacturing of the lens molds as efficient as possible. However, as the lens molds
are products for the manufacture of an optical article (e.g. a contact lens), they must

fulfil high demands as regards the quality of the lens mold.

Problems in injection-molding of thin plastic products — i.e. the plastic lens molds
having a small thickness of the walls - typically exist during opening of the molding
tools (moving away of a movable molding tool from the fixedly arranged molding tool
to which the lens molds must adhere), and during the subsequent removal of the

thin plastic lens molds from the fixedly arranged molding tool.

One problem that may occur during the lifting off of the lens mold from the fixedly
arranged molding tool is that - due to adhesion and/or sticking - in particular the
central portion of the lens mold tends to strongly adhere to the fixedly arranged
molding tool. Since the lens mold is typically removed from the molding tool by lifting
an outer edge portion of the lens mold off of the molding tool (i.e. a portion of the
lens mold outside the lens forming portion of the respective lens mold), due to the
adhesion of the lens mold to the molding tool in the central portion elastic
deformation may occur between the outer edge portion of the lens mold to which
the removal forces are applied and the central portion of the lens mold. In case the

adhesion forces occurring in the central portion are too high, inelastic deformation
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of the lens mold may occur and may lead to a permanent deviation of the geometry
of the lens mold from the specified mold geometry so that the lens mold cannot be
used for the manufacture of contact lenses. In some instances, also so-called
“stress-whitening” (small tears or cracks in the lens mold) may occur at those
portions of the lens mold which are stressed the most, again resulting in that the

lens mold cannot be used for the manufacture of contact lenses.

Generally, different measures are conceivable to reduce the number of such
occurrences (deviation from the desired lens geometry, stress-whitening). For
example, it is conceivable to increase the temperature of the molding tool and/or to
increase the after-pressure acting on the moldable plastic material already injected
into the molding tool. However, such measures typically have an adverse influence
on the accuracy/precision of the mold geometry of the manufactured lens mold.
Another measure that is conceivable is to apply a coating to the mold forming
surface of the molding tool. However, the material the mold forming surfaces of the
molding tools are typically made of (aluminum) is not well suitable for processes
applying a coating to the molding tool into which a plastic material (e.g.

polypropylene) is injected at high temperature

It is therefore an object to provide an injection molding apparatus and method for
manufacturing an ophthalmic lens mold from an injection-moldable plastic material
which is simple, reliable, efficient and allows for the manufacture of thin ophthalmic
lens molds (thickness smaller than 1 mm) with high accuracy/precision of the mold
geometry while avoiding the above-identified disadvantages that may occur during

removal of the ophthalmic lens mold from the molding tool.

SUMMARY

As used in the specification including the appended claims, the singular forms “a“,

“an”, and “the” include the plural, unless the context explicitly dictates otherwise.

When using the term “about” with reference to a particular numerical value or a
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range of values, this is to be understood in the sense that the particular numerical
value referred to in connection with the term “about” is included and is explicitly
disclosed, unless the context clearly dictates otherwise. For example, if a range of
“about” numerical value a to “about” numerical value b is disclosed, this is to be
understood to include and explicitly disclose a range of numerical value a to
numerical value b. Also, whenever features are combined with the term “or”, the
term “or” is to be understood to also include “and” unless it is evident from the

specification that the term “or” must be understood as being exclusive.

In accordance with the invention, this object is achieved by an injection molding
apparatus as it is specified by the features of the independent claim directed to an
injection molding apparatus. Advantageous aspects of the injection molding
apparatus are the subject of the dependent claims directed to such injection molding
apparatus. Further in accordance with the invention, this objection is achieved by a
method of manufacturing a plastic ophthalmic lens mold through injection-molding
as it is specified by the features of the independent claim directed to such method.
Advantageous aspects of the method are the subject of the dependent claims

directed to such method.

As regards the injection molding apparatus for manufacturing an ophthalmic lens
mold, in particular a contact lens mold, from an injection-moldable plastic material,
the ophthalmic lens mold having a front surface comprising a lens forming portion
and a rear surface, the apparatus according to the invention comprises:

a first molding tool comprising at least one first mold forming portion for forming the
front surface of the ophthalmic lens mold, and

a second molding tool comprising at least one second mold forming portion for
forming the rear surface of the ophthalmic lens mold.

The first and second molding tools are movable towards and away from each other
between a closed position, in which the ophthalmic lens mold can be manufactured
by injection molding, and an open position, in which the manufactured ophthalmic

lens mold can be removed. In the closed position the at least one first mold forming
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portion of the first molding tool and the at least one second mold forming portion of
the second molding tool define a cavity between them corresponding in shape to
the shape of the ophthalmic lens mold to be manufactured. The surface of the
second mold forming portion, at least in a central zone that corresponds to a portion
on the rear surface of the ophthalmic lens mold opposite to the lens forming portion
on the front surface, has a surface roughness S in the range of 0.3 pm to 2 ym, and

a surface roughness S; in the range of 10 ym to 50 pm.

In accordance with one aspect of the injection molding apparatus according to the

invention, the surface roughness S, is about 1 ym.

In accordance with another aspect of the injection molding apparatus according to

the invention, the surface roughness S; is about 25 pym.

In accordance with still another aspect of the injection molding apparatus according
to the invention, at least the lens mold forming portions of the first and second

molding tools are made from aluminum.

Yet in accordance with another aspect of the injection molding apparatus according
to the invention, the surface roughness of the second mold forming portion has been
created using one or more techniques selected from the group consisting of laser

roughening, sand blasting, grinding, and lapping.

According to another aspect of the injection molding apparatus according to the
invention, the first mold forming portion of the first molding tool and the second mold
forming portion of the second molding tool correspond to each other in shape so

that in the closed position the cavity formed between them has a uniform thickness.

In accordance with yet another aspect of the injection molding apparatus according
to the invention, the second molding tool comprises an ejector which is arranged

outside of the central zone of the second mold forming portion.
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As regards the method of manufacturing a plastic ophthalmic lens mold, in particular
a contact lens mold, through injection-molding, the ophthalmic lens mold having a
front surface comprising a lens forming portion and a rear surface, the method
according to the invention comprises the steps of

providing a first molding tool comprising at least one first lens mold forming portion
for forming the front surface of the ophthalmic lens mold; and

providing a second molding tool comprising at least one second lens mold forming
portion for forming the rear surface of the ophthalmic lens mold.

The first and second molding tools are movable towards and away from each other
between a closed position and an open position.

The method further comprises the step of moving the first and second molding tools
to the closed position.

In the closed position the at least one first lens mold forming portion of the first
molding tool and the at least one second lens mold forming portion of the second
molding tool define a cavity between them. The cavity corresponds in shape to the
shape of the ophthalmic lens mold to be manufactured.

The method further comprises the steps of

injecting an injection-moldable plastic material into the cavity to manufacture the
ophthalmic lens mold through injection-molding;

moving the first and second molding tools to the open position; and

removing the ophthalmic lens mold from the second molding tool.

The step of providing a second molding tool comprises providing a second molding
tool having a surface of the second lens mold forming portion which, at least in a
central zone corresponding to a portion on the rear surface of the ophthalmic lens
mold opposite to the lens forming portion on the front surface, has a surface
roughness S; in the range of 0.3 ym to 2 um, and a surface roughness S; in the

range of 10 um to 50 pum.

According to one aspect of the method according to the invention, the surface

roughness S, is about 1 pm.
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According to another aspect of the method according to the invention, the surface

roughness S; is about 25 um.

In accordance with yet a further aspect of the method according to the invention, at
least the lens mold forming portions of the first and second molding tools are made

from aluminum.

Yet in accordance with another aspect of the method according to the invention, the
moldable plastic material is a polyolefin, in particular polypropylene (but may also

be another polyolefin like polyethylene).

In accordance with a further aspect of the method according to the invention,
removing the ophthalmic lens mold from the second molding tool is performed by
pressing an ejector against a portion of the rear surface of the ophthalmic lens mold
outside of the portion that corresponds to the lens forming portion on the front

surface.

The injection molding apparatus and method according to the invention are
advantageous in that the surface roughness Sa and S; of the second mold forming
portion of the second molding tool is in the range of 0.3 um to 2 um for S, and is in
the range of 10 um to 50 um for S; , respectively, at least in a central zone thereof
which corresponds to a portion located on the rear surface of the ophthalmic lens
mold opposite to the lens forming portion on the front surface. Frankly spoken, in
that area where the front surface of the ophthalmic lens mold has the lens forming
portion the rear surface of the front surface of the mold forming portion of the molding
tool has a well-defined surface roughness that is within the specified ranges. As a
result of having a surface roughness in the specified ranges it is possible to
manufacture thin ophthalmic lens molds, in particular contact lens molds, through
injection molding within very short cycle times, while it is possible at the same time
to safely remove the lens mold from the molding tool and to avoid the problems

described above (e.g. deformation and/or stress-whitening of the lens mold). For
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example, the cycle time can be as low as five seconds in total or even less for closing
the first and second molding tools, injecting the injection-moldable plastic material
into the cavities formed between the mold forming portions of the closed molding
tools to form the ophthalmic lens molds in the cavities through injection molding,
opening the molding tools and removing the ophthalmic lens molds from the second
molding tool. Typically, without being limited thereto, one molding tool is fixedly
arranged while the other molding tool is movable towards and away from the fixedly
arranged molding tool. Again without being limited thereto, the molding tools are
preferably configured such that the lens mold remains on the fixedly arranged

molding tool.

Only by way of example, a number of 10-20 ophthalmic lens molds can be
simultaneously produced with the molding tools of the injection molding apparatus
according to the invention, for example using molten polypropylene which is injected
at a temperature in the range of 200° - 250° Celsius and at a pressure in the range
of 600 - 800 bars which pressure may reduce by 30% to 50% on the way through
so-called runners into the cavities formed between the first and second mold forming
portions of the first and second molding tools. The first and second molding tools
including their mold forming portions may have a temperature which is in the range
of 20° - 30° Celsius, and the after-pressure applied to the injected moldable plastic
material, for example molten polypropylene, may be about 500 — 600 bars. Removal
of the ophthalmic lens molds from the mold forming portion of the second molding
tool is possible without the ophthalmic lens molds getting damaged through inelastic
deformation of the ophthalmic lens molds or through stress-whitening, although at
the time of removal the ophthalmic lens molds may still have a temperature that may
be as high as 70°-90° Celsius, so that the ophthalmic lens molds — once removed -
need to further cool down before they can be used in the manufacture of ophthalmic
lenses. However, manufacturing of ophthalmic lens molds using such injection
molding apparatus is highly effective as large numbers of ophthalmic lens molds can
be produced in a very short time which is highly desirable as the plastic ophthalmic

lens molds can be used only once and are then typically recycled.
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The surface roughness S, is a well-known parameter. S, denotes the arithmetic

mean height about a mean surface. Mathematically, S, this can be described by

the formula;
N M
1
Sa = sz: |Z (x5, ;)|
i=1 j=1
wherein

Z (xi,yj) denotes the respective height above or below the mean surface at the
coordinates x;, y; of the mean surface,

M denotes the total number of y-coordinates of the mean surface at which
heights are measured at the respective x-coordinate

j denotes an integer running from 1 to M

N denotes the total number of x-coordinates of the mean surface at which
heights are measured,

i denotes an integer running from 1 to N.

This means that for determining S, a total number of N times M heights are
measured. For example, first at the coordinate x; the heights Z(x1,y1),
Z(x1,y2)...Z(x1,ym) are measured, thereafter at the coordinate xz the height Z(x2,y1),
Z(X2,y2)...Z(X2,ym) are measured, and so on, until at the coordinate xy the heights
Z(XN,¥1), Z(Xn,Y2)... Z(Xn,ym) are measured. The absolute values of these N times M
individual heights are added, and then the so obtained sum is divided by the total

number of N times M.

Determination of S; can be carried out using the confocal microscope ‘Confovis
DUO Vario’ available from the company confovis GmbH, Jena, Germany. The
objective used in the afore-mentioned confocal microscope is an objective ‘50x
ELWD 0.6 NA’ available from the company Nikon, Japan (wherein ELWD stands for

Extra Long Working Distance, NA stands for Numerical Aperture). Imaging is
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performed at a working distance of 11 mm (millimeters), and with a stitching of 2x2
(meaning that four squares in total each having a size of 250 uym x 250 pm are
selected for imaging). The parameter ‘Qualitédtswert’ in the software of the confocal
microscope ‘Confovis DUO Vario’ is selected to be 100 (indicating that a quality
filter of 100% is used which means that a measurement point filter in accordance
with DIN EN ISO 25178 is applied). Evaluation is then performed using the software
‘Mountains Map® Imaging Topography’, available from the company Digital Surf,
Besancgon, France. This software performs a best sphere fit, applies a Gaussian
filter according to DIN EN ISO 16610, and performs an evaluation of the surface

height parameters in accordance with DIN EN ISO 25178, to determine Sa.

Also, the surface roughness S; is a well-known parameter. The surface roughness
S; denotes the average distance between the maximum peak height and the lowest
valley depth relative to a mean surface, averaged over a total number s of local
maximum peak heights Z, and the same total number s of local maximum valley
depths Z, of a sample area. The absolute values of these maximum peak heights
and the maximum valley depths Z, are added, and the sum is then divided by the
total number s of local maximum peak heights Z, and the same number of total

maximum valley depths Z,.

Mathematically, this can be described by the formula:

S S
S, ={ D 12l + ) 17l )/
=1 i=1

with the parameters of the formula denoting the respective parameters described in
the preceding paragraph. The determination of S; can be carried out using the same

devices and set-up described above for the determination of S..

10
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Advantageously, the surface roughness S, is about 1 um while the surface
roughness S; can be chosen from the afore-mentioned range. Also advantageously,
the surface roughness S; is about 25 pym while the surface roughness S, can be
chosen from the afore-mentioned range. In a specific advantageous combination
both the surface roughness S is about 1 ym and the surface roughness S; is about
25 um.

When the mold forming portions of the apparatus are made from aluminum, this is
advantageous as aluminum has a good thermal conductivity, and it is possible to
repeatedly and reliably manufacture the geometries of the mold forming portions
with very high accuracy/precision. This is important as the molded products — the
ophthalmic lens molds — must be manufactured with high accuracy/precision since
they are used for the manufacture of ophthalmic lenses such as contact lenses

which are optical articles and therefore require optical quality.

Advantageous techniques which may be used for generating the afore-discussed
surface roughness are laser roughening, sand blasting, grinding, and lapping,
although other techniques can be used as well. Using the afore-mentioned
techniques it is reliably possible to create a surface having a surface roughness

which is in the specified ranges.

When the first mold forming portion and the second mold forming portion of the first
and second molding tools have corresponding shapes, it is possible to produce
ophthalmic lens molds having a uniform wall thickness with high accuracy/precision.
Such uniform wall thickness is advantageous in that homogeneous shrinkage of the
moldable plastic material may occur during injection molding which is compensated
for by the injection of additional moldable plastic material and the application of a
high after-pressure. For example, this uniform wall thickness may be in the range of

less than 1 mm and may, for example, be as low as 0.7 mm.

11
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As has already been described, the injection molding apparatus may comprise an
ejector which is arranged outside of the central zone of the second mold forming
portion. This is advantageous as the ophthalmic lens mold can be removed from the
second molding tool by pressing against the rear surface of the ophthalmic lens
mold in a portion outside of that portion on the rear surface that is located opposite
to the lens forming portion on the front surface. This means that the mechanical
forces for removing the ophthalmic lens mold from the second molding tool are
applied to a portion of the ophthalmic lens mold which is located away from that

portion of the ophthalmic lens mold that is later used to form the ophthalmic lens.

During injection molding the moldable plastic material, e.g. polypropylene, shrinks
onto the mold forming portion of the second molding tool, and in particular in that
portion on the rear surface of the ophthalmic lens mold that is located opposite to
the lens forming portion on the front surface the moldable plastic material tends to
stick to the mold forming portion of the molding tool. Such sticking is prevented or
at least greatly reduced by the specified surface roughness of the molding tool in
the corresponding mold forming portion of the molding tool, so that mechanical
forces applied to the ophthalmic lens mold in a portion outside of the portion of the
rear surface opposite to the lens forming portion enables safe removal of the

ophthalmic lens mold from the molding tool.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous aspects of the injection molding apparatus and method for
manufacturing an ophthalmic lens mold will become apparent from the following

description of an embodiment with the aid of schematic drawings in which:

Fig. 1 shows the mold forming portion of a molding tool of a conventional
injection molding apparatus and an ophthalmic lens mold arranged
thereon, with removal forces being applied to the rear surface of the

ophthalmic lens mold;

12
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Fig. 2

Fig. 3

Fig. 4

shows the mold forming portion of Fig. 1 and the deformation of the
ophthalmic lens mold as well as the sticking of the ophthalmic lens mold
to the central zone of the surface of the mold forming portion of the

molding tool;

shows a mold forming portion of the molding tool of an embodiment of
the injection molding apparatus according to the invention, having the
particular surface roughness in a central zone of the surface of the mold
forming portion of the molding tool and the ophthalmic lens mold arranged
thereon, with removal forces being applied to the rear surface of the

ophthalmic lens mold; and

shows the mold forming portion of the molding tool of the embodiment of
the injection molding apparatus of Fig. 3 with the ophthalmic lens mold
during removal from the molding tool without deformation and sticking of
the ophthalmic lens mold to the central zone of the surface of the mold

forming portion of the molding tool.

DETAILED DESCRIPTION OF EMBODIMENTS

In Fig. 1 the mold forming portion 1 of a fixedly arranged molding tool of a

conventional injection molding apparatus is shown in a schematic representation. In

the embodiment shown in Fig. 1 the injection molding apparatus comprises molding

tools having mold forming portions configured to manufacture male ophthalmic lens

molds. However, the following description similarly applies to an injection molding

apparatus that comprises molding tools having mold forming portions configured to

manufacture female ophthalmic lens molds. The essential difference then is that the

mold forming portions of the molding tools are configured to manufacture female

ophthalmic lens molds.

13
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Turning back to Fig. 1, mold forming portion 1 of the fixedly arranged molding tool
comprises a central mold forming portion 10 and a peripheral mold forming
portion 11. Central mold forming portion 10 and peripheral mold forming portion 11
together have a front surface 100 that has a central zone 101 (corresponding to the
portion of the front surface 100 of the central mold forming portion 10). The injection
molding apparatus further comprises a further molding tool (not shown) that
comprises a further mold forming portion. This further molding tool with the further
mold forming portion is movable towards and away from the fixedly arranged

molding tool to a closed an open position of the molding tools, respectively.

For the manufacture of an ophthalmic lens mold, the movable molding tool is first
moved to the closed position. In this closed position, a cavity is formed between the
mold forming portion of the movable molding tool (not shown) and the mold forming
portion 1 of the fixedly arranged molding tool. This cavity corresponds in shape to
the ophthalmic lens mold to be manufactured. A moldable plastic material, for
example molten polypropylene, is then injected under high pressure into the cavity
through a so-called runner that is connected to the cavity. The moldable plastic
material injected into the cavity is then allowed to cure to form an ophthalmic lens
mold 2 that corresponds in shape to the cavity formed between the mold forming
portion of the movable molding tool (not shown) and the mold forming portion 1 of
the fixedly arranged molding tool. During curing, the plastic material shrinks onto the
mold forming portion 1 of the fixedly arranged molding tool, and in particular in the
area of the central mold forming portion 10 the plastic material may stick to the
central zone 101 of the surface 100 of the mold forming portion 1 of the molding

tool.

The so formed ophthalmic lens mold 2 comprises a central portion 20 and a
peripheral portion 21. The central portion 20 and the peripheral portion 21 of
ophthalmic lens mold 2 together have a front surface 200 that comprises a lens
forming portion 202 for determining the shape of the rear surface of an ophthalmic

lens to be formed using ophthalmic lens mold 2. Opposite to that lens forming portion

14
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202 on the front surface 200 there is a corresponding portion 201 of the rear surface
of the ophthalmic lens mold 2. Peripheral portion 21 of ophthalmic lens molds 2 is
not involved in determining the shape of an ophthalmic lens that is formed when

using ophthalmic lens mold 2.

Turning back to the manufacturing of the ophthalmic lens mold through injection
molding, once injection and ophthalmic lens mold formation is completed the
movable molding tool is moved away from the fixedly arranged molding tool.
Ophthalmic lens mold 2 must then be removed from the fixedly arranged molding
tool comprising mold forming portion 1. This is typically performed by applying
removal forces 3 (indicated by the arrows in Fig. 1) to the rear surface of the
ophthalmic lens mold 2 in the peripheral portion 21, i.e. outside of the portion 201
of the rear surface that corresponds to the lens forming portion 202 on the front
surface 200. Application of the removal forces 3 outside of the portion 201 is
performed since the (central) lens forming portion 202 of the ophthalmic lens mold
must not be deformed as lens forming portion 202 is responsible for the shape of

the ophthalmic lens (e.g. contact lens) to be molded using ophthalmic lens mold 2.

So far injection molding of an ophthalmic lens mold is conventional and well-known
in the art.

However, when attempting to remove ophthalmic lens mold 2 from mold forming
portion 1 through the application of removal forces 3 (see Fig. 2) it may occur that,
due to the portion 201 of ophthalmic lens mold 2 sticking to the central zone 101 of
the front surface 100, the ophthalmic lens mold 2 deforms to an extent such that
after its removal it is outside the geometric specifications for the ophthalmic lens
mold 2 so that it cannot be used anymore for the manufacture of an ophthalmic lens
(e.g. contact lens). Also, stress-whitening (small tears or cracks in the plastic
material) may occur during removal which also results in that the ophthalmic lens

mold 2 cannot be used for the manufacture of an ophthalmic lens (e.g. contact lens).
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In Fig. 3, the mold forming portion 4 of a fixedly arranged molding tool of an injection
molding apparatus according to the invention is shown in a schematic
representation. Mold forming portion 4 comprises a central mold forming portion 40
and a peripheral mold forming portion 41. Central mold forming portion 40 and
peripheral mold forming portion 41 together have a front surface 400 that has a
central zone 401 (corresponding to the portion of the front surface 400 of the central
mold forming portion 40). The injection molding apparatus according to the invention
further comprises a further molding tool (not shown) comprising a further mold
forming portion. This further molding tool is movable towards and away from the
fixedly arranged molding tool to a closed an open position of the molding tools,

respectively.

Unlike the embodiment shown in Fig. 1, at least the central zone 401 of the front
surface 400 of mold forming portion 4 of the fixedly arranged molding tool has a
surface roughness S, in the range of 0.3 um to 2 um, and a surface roughness S;
in the range of 10 um to 50 um. In particular, the surface roughness S; may be about
1 um and the surface roughness S; may be about 25 pym. It is also possible that S,
be about 1 um and S; be selected from the range of 10 ym to 50 um. Alternatively,
Sa may be selected from the range of 0.3 um to 2 um while S; is about 25 um. This
surface roughness of central zone 401 of the front surface 400 is indicated in Fig. 3
by the thickened line 402.

For the manufacture of the ophthalmic lens mold 5, the movable molding tool (not
shown) is moved to the closed position. In this closed position, a cavity is formed
between the mold forming portion of the movable molding tool (not shown) and the
mold forming portion 4 of the fixedly arranged molding tool. This cavity corresponds
in shape to the ophthalmic lens mold to be manufactured. Preferably, the cavity has
a uniform thickness so that the formed ophthalmic lens mold 5 also has a uniform
wall thickness which is preferred as regards a homogeneous shrinkage of the
moldable plastic material during injection molding. This in turn is advantageous with

respect to the manufacturing of ophthalmic lens molds with high precision and
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accuracy as regards the geometric specifications of the ophthalmic lens mold 5 and
as regards the optical quality of the lens forming surface of the ophthalmic lens mold
5. A moldable plastic material, for example molten polypropylene, is then injected
under high pressure into the cavity through a so-called runner that is connected to
the cavity. While after-pressure is applied, the moldable plastic material injected into
the cavity is allowed to cure to form an ophthalmic lens mold 5 corresponding in
shape to the cavity formed between the mold forming portion of the movable molding
tool (not shown) and the mold forming portion 4 of the fixedly arranged molding tool.
During curing the plastic material shrinks onto the mold forming portion 4 of the
fixedly arranged molding tool. Optionally, small projections (not shown) or other
suitable means may be provided on the lateral surfaces of the mold forming portion
4 of the fixedly arranged molding tool to ensure that the ophthalmic lens mold 5 is
retained on the mold forming portion 4 of the fixedly arranged molding tool in any
event. Due to the well-defined surface roughness in the central zone 401 of the front
surface 400 of mold forming portion 4 of the molding tool, the plastic material of
ophthalmic lens mold 5 does not stick anymore or only loosely sticks to the

surface 400 in the central zone 401 thereof.

The so formed ophthalmic lens mold 5 comprises a central portion 50 and a
peripheral portion 51. The central portion 50 and the peripheral portion 51 of
ophthalmic lens mold 5 together have a front surface 500 that comprises a lens
forming portion 502 for determining the shape of the rear surface of an ophthalmic
lens to be formed using ophthalmic lens mold 5. Opposite to that lens forming portion
502 on the front surface 500 there is a corresponding portion 501 of the rear surface
of the ophthalmic lens mold 5. Peripheral portion 51 of the ophthalmic lens mold 5
is not involved in determining the shape of an ophthalmic lens that is formed when

using ophthalmic lens mold 5.
Injection molding is performed in the manner already described above. Once

injection and ophthalmic lens mold formation are completed the movable molding

tool is moved away from the fixedly arranged molding tool. Ophthalmic lens mold 5
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must then be removed from the fixedly arranged molding tool comprising mold
forming portion 4. This is typically performed by applying removal forces 6 (indicated
by the arrows in Fig. 3) to the rear surface of the ophthalmic lens mold 5 in the
peripheral portion 51, i.e. outside of the portion 501 opposite to the lens forming
portion 502. Application of the removal forces 6 outside of the portion 501 can be
performed with the aid of an ejector which may, for example, comprise a number of
ejector pins arranged in circumferential direction, or may comprise a ring-shaped

ejector, or may be any other suitable type of ejector.

As can be seen best in Fig. 4, due to the portion 501 of the rear surface of the
ophthalmic lens mold 5 no longer sticking to the central zone 401 of the front
surface 400 of the mold forming portion 4 of the fixedly arranged molding tool,
ophthalmic lens mold 5 can be easily removed from the mold forming portion 4 of
the fixedly arranged molding tool without the occurrence of deformation or stress-
whitening. This increases the yield and efficiency of the injection-molding process
and in particular enables to manufacture single use plastic ophthalmic lens molds in

very short overall cycle times, as has been described further above.

The invention has been described with respect to an embodiment. However, the
invention is not intended to be limited to this embodiment, but rather many variations
are possible without departing from the teaching underlying the instant invention.
For example, the molding tool of the injection molding apparatus may be configured
for the manufacturing of a female ophthalmic lens mold, as has been mentioned
already. Also, instead of the parameters S, and S; it is conceivable to use other
standard roughness parameters such as R, and R; instead. Therefore, many
additional variations are intended to be covered by the teaching of the invention,

and therefore the scope of protection is defined by the appended claims.
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Claims

1. Injection molding apparatus for manufacturing an ophthalmic lens mold (5), in
particular a contact lens mold, from an injection-moldable plastic material, the
ophthalmic lens mold having a front surface (500) comprising a lens forming portion
(502) and a rear surface, the injection molding apparatus comprising

- a first molding tool comprising at least one first mold forming portion for forming
the front surface of the ophthalmic lens mold,

- a second molding tool comprising at least one second mold forming portion (4, 40,
41) for forming the rear surface (501) of the ophthalmic lens mold (5),

wherein the first and second molding tools are movable towards and away from
each other between a closed position, in which the ophthalmic lens mold (5) can be
manufactured by injection molding, and an open position, in which the manufactured
ophthalmic lens mold (5) can be removed from the second molding tool,

and wherein in the closed position the at least one first mold forming portion of the
first molding tool and the at least one second mold forming portion of the second
molding tool define a cavity between them corresponding in shape to the shape of
the ophthalmic lens mold (5) to be manufactured,

wherein the surface (400) of the second mold forming portion (4, 40, 41), at least in
a central zone (401) that corresponds to a portion (501) on the rear surface of the
ophthalmic lens mold opposite to the lens forming portion (502) on the front surface
(500), has a surface roughness S, in the range of 0.3 ym to 2 pym, and a surface

roughness S; in the range of 10 um to 50 pm.

2. Injection molding apparatus according to claim 1, wherein the surface roughness

Sais about 1 pm.

3. Injection molding apparatus according to any one of the preceding claims,

wherein the surface roughness S; is about 25 um.
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4. Injection molding apparatus according to any one of the preceding claims,
wherein at least the lens mold forming portions of the first and second molding tools

are made from aluminum.

5. Injection molding apparatus according to any one of the preceding claims,
wherein the surface roughness of the second mold forming portion has been created
using one or more techniques selected from the group consisting of laser

roughening, sand blasting, grinding, and lapping.

6. Injection molding apparatus according to any one of the preceding claims,
wherein the first mold forming portion of the first molding tool and the second mold
forming portion of the second molding tool correspond to each other in shape so

that in the closed position the cavity formed between them has a uniform thickness.

7. Injection molding apparatus according to any one of the preceding claims,
wherein the second molding tool comprises an ejector which is arranged outside of

the central zone of the second mold forming portion.

8. Method of manufacturing a plastic ophthalmic lens mold, in particular a contact
lens mold (5), through injection-molding, the ophthalmic lens mold (5) having a front
surface (500) comprising a lens forming portion (502) and a rear surface, the method
comprising the steps of:

- providing a first molding tool comprising at least one first lens mold forming portion
for forming the front surface of the ophthalmic lens mold;

- providing a second molding tool comprising at least one second lens mold forming
portion (4, 40, 41) for forming the rear surface of the ophthalmic lens mold,
wherein the first and second molding tools are movable towards and away from
each other between a closed position and an open position;

- moving the first and second molding tools to the closed position,
wherein in the closed position the at least one first lens mold forming portion of the

first molding tool and the at least one second lens mold forming portion of the second
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molding tool define a cavity between them, the cavity corresponding in shape to the
shape of the ophthalmic lens mold to be manufactured:;

- injecting an injection-moldable plastic material into the cavity to manufacture the
ophthalmic lens mold (5) through injection-molding;

- moving the first and second molding tools to the open position;

- removing the ophthalmic lens mold (5) from the second molding tool,

wherein the step of providing a second molding tool comprises providing a second
molding tool having a surface (400) of the second mold forming portion (4, 40, 41)
which, at least in a central zone (401) corresponding to a portion (501) on the rear
surface of the ophthalmic lens mold (5) opposite to the lens forming portion (502) on
the front surface, has a surface roughness S; in the range of 0.3 ym to 2 ym, and a

surface roughness S; in the range of 10 um to 50 pm.

9. Method according to claim 8, wherein the surface roughness S; is about 1 pm.

10. Method according to any one of claims 8 or 9, wherein the surface roughness

S; is about 25 ym.

11. Method according to any one of claims 8 to 10, wherein at least the lens mold

forming portions of the first and second molding tools are made from aluminum.

12. Method according to any one of claims 9 to 11, wherein the moldable plastic

material is a polyolefin, in particular polypropylene.

13. Method according to any one of claims 9 to 12, wherein removing the ophthalmic
lens mold from the second molding tool is performed by pressing an ejector against
a portion of the rear surface of the ophthalmic lens mold outside of the portion

opposite to the lens forming portion on the front surface.

21



WO 2020/109976 PCT/IB2019/060138

1/2

20
02 201

. 201 /2
11 / 10 101
Kig. 2




WO 2020/109976 PCT/IB2019/060138

: N
41 400



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2019/060138

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C45/37 B29D11/00 B29C33/42 B29C45/00
ADD. B29L11/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C B29D B29L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2006/145369 Al (LAWTON BRUCE E [US] ET 1-13

AL) 6 July 2006 (2006-07-06)

abstract

paragraph [0008]
paragraph [0030]
figures 1,2

Y EP O 765 734 A2 (JOHNSON & JOHNSON VISION 1-13
PROD [US]) 2 April 1997 (1997-04-02)
abstract

claims 1-5,13,14,25,28
column 6, Tine 8 - line 16

Y US 4 246 207 A (SPYCHER ANTON A) 1-3,8-10
20 January 1981 (1981-01-20)
abstract

column 2, Tine 64 - line 67

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 December 2019 09/01/2020
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . . .
Fax: (+31-70) 340-3016 T1 SCh]E‘Y‘, Christian

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

12 October 2017 (2017-10-12)
abstract
paragraphs [0021], [0095]

PCT/IB2019/060138
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 20127038072 Al (HUANG CHIEN-FENG [TW]) 5
16 February 2012 (2012-02-16)
abstract
figure 4
paragraph [0016]
paragraph [0017]
claim 7
Y US 20037164565 Al (O'BRIEN KEITH T [US]) 4,11
4 September 2003 (2003-09-04)
abstract
claim 9
Y WO 99/00241 Al (BAUSCH & LOMB [US]) 7,13
7 January 1999 (1999-01-07)
page 6, line 10 - line 12; figure 4
abstract
Y US 2012/043044 Al (MASE KEIJI [JP]) 1-3,8-10
23 February 2012 (2012-02-23)
abstract
paragraph [0065]; figure 1C
Y JP 2006 297811 A (BRIDGESTONE CORP) 1-3,8-10
2 November 2006 (2006-11-02)
abstract
Y WO 2017/175463 Al (FUJI KIHAN CO LTD [JP]) 1-3,8-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2019/060138
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006145369 Al 06-07-2006 CA 2592516 Al 13-07-2006
CN 101094755 A 26-12-2007
EP 1841585 Al 10-10-2007
JP 2008526544 A 24-07-2008
US 2006145369 Al 06-07-2006
WO 2006073561 Al 13-07-2006

EP 0765734 A2 02-04-1997 AT 211057 T 15-01-2002
AU 705742 B2 03-06-1999
CA 2186571 Al 30-03-1997
DE 69618125 D1 31-01-2002
DE 69618125 T2 13-06-2002
DE 69635937 T2 25-01-2007
EP 0765734 A2 02-04-1997
EP 1116576 A2 18-07-2001
JP H09187871 A 22-07-1997
SG 90012 Al 23-07-2002
TW 322445 B 11-12-1997
us 5702735 A 30-12-1997

US 4246207 A 20-01-1981 NONE

US 2012038072 Al 16-02-2012  TW 201207437 A 16-02-2012
US 2012038072 Al 16-02-2012

US 2003164565 Al 04-09-2003 AR 038728 Al 26-01-2005
AU 2003200924 B2 18-06-2009
BR 0300502 A 10-08-2004
CA 2420648 Al 04-09-2003
CN 1495003 A 12-05-2004
DE 60305757 T2 28-06-2007
EP 1342559 Al 10-09-2003
JP 2003311787 A 05-11-2003
KR 20030072248 A 13-09-2003
SG 121760 Al 26-05-2006
TW 1283203 B 01-07-2007
US 2003164565 Al 04-09-2003

WO 9900241 Al 07-01-1999 AU 8140698 A 19-01-1999
BR 0810501 A 05-09-2000
CA 2293568 Al 07-01-1999
CN 1261845 A 02-08-2000
DE 69807334 T2 10-04-2003
EP 0993364 Al 19-04-2000
ES 2182332 T3 01-03-2003
HK 1028216 Al 11-04-2003
JP 2002507160 A 05-03-2002
KR 20010014318 A 26-02-2001
TW 386168 B 01-04-2000
us 5968422 A 19-10-1999
us 6305661 Bl 23-10-2001
WO 9900241 Al 07-01-1999

US 2012043044 Al 23-02-2012 CN 102371542 A 14-03-2012
JP 5606824 B2 15-10-2014
JP 2012040744 A 01-03-2012
KR 20120017393 A 28-02-2012
TW 201213052 A 01-04-2012

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2019/060138
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012043044 Al 23-02-2012
US 2015024660 Al 22-01-2015
JP 2006297811 A 02-11-2006 JP 4836484 B2 14-12-2011
JP 2006297811 A 02-11-2006
WO 2017175463 Al 12-10-2017 CN 108884549 A 23-11-2018
EP 3441500 Al 13-02-2019
JP 6286470 B2 28-02-2018
JP 2017186616 A 12-10-2017
TW 201736046 A 16-10-2017
US 2019022824 Al 24-01-2019
WO 2017175463 Al 12-10-2017

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

